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(54) Drug coating with topcoat 

(57) A coating and method for a coating an implant- 
able device or prostheses are disclosed. The coating 
includes an undercoat of polymeric material containing 
an amount of biologically active material, particularly 
heparin, dispersed therein. The coating further includes 
a topcoat which covers less than the entire surface of 
the undercoat and wherein the topcoat comprises a pol- 



ymeric material substantially free of pores and porosi- 
gens. The polymeric material of the topcoat can be a 
btostatte. biocompatible material which provides long 
term norHrirornbogenicity to the device portion during 
and after release of the biotogicaJry active material 
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Description 

BACKGROUND Of THE INVENTION 

Cross-Reference to Related Applications 

[0001] The present appUcafan it a Continuation-ln- 
Part of coperrfng appfcatton 08/863.518. Wed June 
13. 1996. 

Raid of the Invention 

[0002] The presert invention relates generaly to pro- 
vkjinabioetabte etastomeric coatings on the surfaces of 

S - . _ » » » - - * 1*-- milt im MAMM 



4.954, 126 to VVaHsten and 5.061 .275 to Walsten ef a/. 
[0005] Implanted stents have been used to cany 
madkanal agents, such as ftromborytfc agents. US. 
Patent 5 163.952 to Probe dsdoses a Ihermalmernoried 
s expanding plastic stent device formulated to carry a 
medkanal agent in the material of the stent asefl Pkv 
choK in U.& Patent 5.092.877. cfadoses a stent of a 



implants which incorpaate biologically active 
having controled release cttajactaristics to trie coating 
and relates particularly to providing a ncin-throinbogerte 
surface during and after timed release of thebMogicaly 
active species. The invention is rjarticxJarly described in 
terms of coatings on therapeutic expandable stent pros- 
theses tor implantation in body kjmens. ejL. vascular 
implantation. 

Related Art 

[0003] In surgical or other related invasive proce- 
dures, the insertion and expansion of stent devices in 
blood vessels, urinary tracts or other loca tions o Wcu* to 
otherwise access tar the purpose of rxover^ resteno- 
sis, providing vessel or lumen wal support or reWore* 
mant and tor other therapeutic or restorative functions 
has become e common farm of long-term treatme nt 
Typtcaty. such prostheses are appied to a location of 
interest utifeing a vascular catheter, or si miar transto- 
minal device, to carry the stent to the location of interest 
where it is thereafter released to expand or be 
expanded in situ. These devices are generaiy designed 
as permanent implants which may become incorpo- 
rated in trie vascular or other tissue which they contact 
at implantation. 

[0004] One type of self-expanding stent h^ 
tubular body formed of several irxjrviduaJ flextxe thread 
elements each of which extends in a helix con figuration 
with the centeriine of the body serving as a cornrnpn 
axis. The elements are wound in the same ejection but 
are displaced axiaJry relative to each other and meet 
unc-er crossing a fee number of elements also soiwaty 
displaced, but having the opposite Direction of winding. 
This corTsjuration provides a resiient braided tubular 
structure which assumes stable dkriensiom upon relax- 
ation. Axial tension produces etongatton and corre- 
sportfng diameter contraction that atows the stent to 
be mounted on a catheter device and conveyed through 
the vascular system as a narrow elongated device. 
Once tension is relaxed in situ, the device at least sub- 
stantia** reverts to its original shape. Prostheses of toe 
class including a braided ttexfcle tubular body are iaus- 
trated and described in U.S. Patents 4.655.771 and 



polymeric material which may have a coating i 

ated wHh toe defvery of drugs. Olrwpatertswhfchare 
io directed to devices of the dass utiRzing b«>< fsgr ariahlo 
or bio-sorbatxe polyrners include Tang et a*. U.S. Pat- 
ent 4.916.193. and MaoGregcr. US. Patent 4.994.071. 
[0006] A patent to Saradjan. Patent N a 5.304 .121. 
cfedoses a coating appied to a stent consisting of a 
15 hyoYogd polymer and a preselected such as a ceti 
growth W*rtors or heparin. A tortherrriethod of maW^ 
a coated Wravascutor stent carrying a therapeutic 
material is described in Berg ef a/.. US. Patent Na 
5.464.650. issued on November 7, 1995 «ndaxTe- 
» spcriolngtoEuropeanPatentAp* 

A1 pubfshed 09 November 1994. In that dtetosure. a 

pdyrriercoatirigrrauarialte 

the therapeutic material Dispersed in the solvent; toe 

solvent evaporated after appfcation. 

of the present invention) entitled -Medical Device 
Design-A Systems Approach: Cental Ven ous Cath e- 
ters*. 22nd International Society tor the Advancernantof 
Materiel and Process Engineering Technical^ Confer* 
jo ence (1990) relates to rxlymer/drugmiernbrane sys- 
tams tor releasing heparin. Those 
rxxymeiA^igmieniyam systems require two distinct 
typesofl^tofiextion. 

[0006] It has been recognized that contacting dkjoo 

ss wrth the surface daloreignbo^ 

to induce thrornbogenic resprjnses and *^ as toesur- 
face area of a foreign device in contact witorio stbtood 
increases, the tendency tor coagulation and dot lot ming 
. at these surfaces also increases. ^"»»^*!^ 

40 of sTsnobifaed systemic artf-coagutant or to-omtolytic 
agents such as heparin on blood contacting surfaces 
such as oxygen uptake devices to reduce t*s phenom- 
enoa Such an approach is descnoed by Winters, ef at, 
in U.a Patents 5.182.317; 5.262.451 and 5.338.770 in 

45 which tr* amine functi^ 

are covaJentiy bonded using polyethylene oxide (PEO) 
on a seoxane surface. 

[0009] Another approach is described in U.a Patent 
4,61 3.665 to Larm in which heparin is chemically cova- 

so lentiybound to plastic sui^ nialeriaJs contain^ pri- 
mary amino groups to impart a non-totontoogenc 
surface to the material. Other approaches tor bondtog 
heparin are described in Barbucd. ef a/.. Coating of 
commefdalyavaiabJe materials wim anew heparirxza- 

55 ble material-, .ffflimr 1 <* Binmpcxcaf Materials. 
Baseexrtl VbL 25. pp. 1259-1274 <1991); JA. 
Tharrnacotogic Modffication of Materials*. Ga&BUBii 

a m EattKftm vw. 2. Na 3 (Suppt). 121S-127S 
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(1993); Gravtee, GLR, "HeparirvCoated Carcfiorjutrno- 
nary Bypass Circuits'. Journal of flardiothnmrir: nnrt 
Vascular Anesthesia. Vol. 8, No. 2, pp. 213-222 (1994). 
[0010] Moreover, drug elution rates lor a coating con- 
taining a hydrophilic or a iipophobic drug is usuafly very 
fast initially when the coated device contacts body fluid 
or blood. One of the methods to reduce the so called 
"burst effect" is to add a membrane containing porosi- 
gen over the coating layer containing the biologically 
active material. See U.S. Patent No. 5.605,696 to 
Eury et al . and U.& Patent No. to HeJmus flL_aJ. 
5.447.724. When the porosigen ehites. a porous mem- 
brane is formed and the drug in the undercoat will 
release. Even though the method might be quite suc- 
cessful to control the drug release, it increases the coat- 
ing thickness, reduces the effective drug loading and 
introduces undesirable additional foreign materials into 
the patient Hence, there is a need for a coating which 
reduces the burst effect but is not too thick and does not 
require the release of porosigens into the body. 
[0011] With regard to stents, polymeric stents, 
although effective, may have rnechanical properties that 
are inferior to those of metal stents of t&e thickness and 
weave Metallic vascular stents braided of even rela- 
tively fine metal can provide a large amount of strength 
to resist inwardly directed drcumferentiaJ pressure. A 
polymer material of comparable strength requires a 
much thicker-waJed structure or heavier, denser fila- 
ment weave, which in turn, reduces the cross-sectional 
area available for flow through the stent and/or reduces 
the relative amount of open space in the weave. Also, it 
is usually more difficult to load and deliver polymeric 
stents using catheter delivery systems. 
[0012] WhSe certain types of stents such as braided 
metal stents may be preferred for some applications, the 
coating and coating moaTication process of the present 
invention is not so limited and can be used on a wide 
variety of prosthetic devices. Thus, in the case of stents, 
the present invention also applies, for example, to the 
class of stents, that are not self-expanding, including 
those which can be expanded, for instance, with a bal- 
loon; as wef as polymeric stents of afl kinds. Other med- 
ical devices that can benefit from the present invention 
include blood exchanging devices, vascular access 
ports, central venus catheters, ca/rfovascuJar cathe- 
ters, extracorpeaJ circuits, vascular grafts, pumps, heart 
valves, and cardiovascular sutures, to name a few. 
Regardless of detailed embodiments, applicability of the 
invention should not be considered limited with respect 
to implant design, implant location or materials of con- 
struction. Further, the present invention may be used 
with other types of implantable prostheses. 
[0013] Accoroingty.it is a prinary object of the present 
invention to provide a coating and process for coating a 
stent to be used as a deployed stent prostheses, the i 
coating being capable of effective controlled long-term 
delivery of betogicafty active materials. 
[0014] Another object of the invention is to provide a 



coating and process for coating a stent prostheses 
using a biostable hydrorjhobic elastomer in which bio- 
logically active species are incorporated within a coat- 
ing. 

5 [0015] Still another object of the present invention is 
to provide a mufti-layer coating and process tar the 
delivery of biologically active species in which the per- 
centage of active material can vary from layer to layer. 
[0016] Yet another object of the present invention is to 
to provide a mutti-layer coaling and process for the deliv- 
ery of biologica ll y active species from a coating with a 
non-thrombogenic surface. 

[0017] Another object of the invention is to provide a 
coating for the delivery of biotogicaly active species 
is having a top layer or topcoat which reduces the initial 
release of the species, in which the topcoat is substan- 
tially free of pores or porosigens and covers less than 
the entire surface of the undercoat The topcoat can 
cover less than the entire surface of the undercoat 
20 before and/br whfle the device is implanted. 

[0018] A further object of the invention is to provide a 
multilayer coating for the defivery of biologically active 
species such as heparin having a fluorosificone top 
layer. 

25 [0019] A stiB further object of the invention is to pro- 
vide a muttWayer coating for the defivery of biotogicafly 
active species such as heparin having a surface con- 
taining immobilized polyethylene glycol (PEG). 
[0020] Other objects and advantages of the present 
so invention wffl become apparent to those skilled in the art 
upon familiarization with the specification and 

SUMMARY OF THE INVENTION 

98 

[0021] The present invention provides a relatively thin 
layered coating of biostable elastomeric material con- 
taining an amount of biologically active material dis- 
persed therein in combination with a non-thrrjntegenic 
40 surface that is usefidfcf coating the surfaces of prosthe- 
ses such as deptoyabJe stents. 
[0022] The preferred stent to be coated is a self- 
expanding, open-ended tubular stent prostheses. 
Although other materials, including polymer materials. 
45 can be used, in the preferred embedment, the tubular 
body is formed of a self expanding open braid of fine 
single or poryfBament metal wire which flexes without 
collapsing, reacSy axialy deforms to an elongate shape 
for transluminal insertion via a vascular catheter and 
so resiiientJy expands toward predetermined stable dimen- 
sions upon removal in situ. 

[0023] In the process, the initial costing is preferably 
applied as a mixture, solution or suspension of poly- 
meric material and finely divided bfofogjcally active spe- 
15 des Dispersed in an organic vehicle or a solution or 
partial solution of such species in a solvent or vehicle for 
the polymer and/or biotogicaly active species. For the 
purpose of this application, the term TnaBy divided* 
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means any type or size of inducted material from dis- 
soived molecules through suspensions colloids and 
particulate mixtures. The btctogicafty active material « 
dispersed in a earner material which may be the poly- 
mer a solvent, or both. The coating is preferably appTied 
as a plurality of relatively thin layers sequentially applied 
in relatively rapid sequence and is preferably applied 
with the stent in a racily expanded state. 
[0024} * many applications the layered coating is 
referred to or characterized as inctading an undercoat 
and topcoat The coating thickness ratio of the topcoat 
to undercoat may vary with the desired effect andtarthe 

tions with most or al of the bWoc^ active ftatenal 
being contained in the undercoat and a non-tiiromoo- 
ger*abioa>fTpattoler^ 
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[0025] It is desirable that the topcoat be substantially 
free of connected pores orporosigenB (materiate which 
can eMe during incantation and form pores). The 
addition of a porous membrane as a top coat w* 
increase the coating thickness and reduce the overal 
drug toadrng. Also, the release of porowgerw into the 
body can be undesirablt since it introduces additional 
foreign materials into the body, which can cause the 
patient to have adverse reactions. 
[0026] Since in some embodiments the topcoat 
should be substantially free of pores, the topcoat shouW 
cover tess than the entire surface of the undercoat Pref- 
erably, the topcoat should cover only about 10% to 
about 95% of the surface of the undercoat 
[0027] By partially covering the surface duringmanu- 
tacture or inducing txeaks* in the topcoat during 
rnountingfrnplanting of the coated device, the bWog^ 
caly active material or drug of the undercoat s permrt- 
ted to be released from the undercoat through those 
parts of the undercoat which are not covered by the top- 
coat 

[0028] This mechanism is ikistrated by FIGURE 9. 
which shows a surface of a rjrosthesfe 101 cove red by a 
coatirKj102ccnrxxisirtganur^ 
104. The topcoat 104. which only Partially covers the 
undercoat 103. leaves certain areas 106 of the under- 
coat, including drug partides 1 05. exposed to body fk>- 
ids at the implantation site. It is through these 
•uncovered* areas 106 of the undercoat that the drug 
parades 105 of tie undercoat 103 are alowed to be 

released into the implantation site. 

[0029] Actftionaly. it is preferred that the topcoats 
have an average thickness equivalent to the average 
panicle size of the drug in the undercoat Pref erabrythe 
average thickness is about 1 to 7 microns and more 
preferable that the topcoat average thickness be about 
1 to 5 rnfcrons. Also, the pofymer of the topcoat may be 
the same as or afferent from the porymer of the under- 
coat 

[0030) The coating may be appfied by doping or 
spraying using evaporative solvent materials of rela- 



20 



tivery high vapor pressure to produce the desired vis- 
cosity and quickly establish coating layer thicknesses. 
The preferred process is predicated on reciprocaly 
spray coating a rotating radtaly exp**taoJter* enp^ 
jng an air brush device. The coating process enables 
the material to adherently conform to and cover the 
entire surface of the ftonents of the open structoreof 
the stent but in a manner such that the open lattice 
nature of the structure of the braid or other pattern is 
preserved in the coated device. 
[0031] The coating is exposed to room temperature 
ventaation tor a predetermined time (possfcry one hour 
or more) tor solvent vehicle evaporation m the case of 
certain undercoat materials, thereafter the polymer 
material fe cured at room ten^eraw 
peratures. Curing is defined as the P"*^""*** 
ing the elastomeric or polymeric mateneJ nto ne 
finished or useful state by tte a|3pfk»lionolhaatanriror 
chemical agents which inckee physico-chemcal 
changes. Where, for example, potyurethane thermo- 
plastic elastomers are used as an undercoat material, 
solvent evaporation ca« occur at rc^ 
daring the undercoat useful lor controied drug release 
without further curing. 

[0032] The appicabte ventitetion time and tempera- 
ture Iw cure we determined ^ 
involved and particular drugs used For 
cone or porystioxane materials (such as polydfcnethylsi- 
loxane) have been used successful Urethane 
preprtymers can also be utifced. Unite the 
urethane thermoplastic elastomers, some of these 
materials are applied as prepofymers in the coating 
cornposition and must thereafter be heat cured. The 
preferred stfeone species have a relatively low cure 
temperatores and are known as a room ternperature 
vUcanizabie (RTV) materials. Some porydmethyte- 
loxane materials can be cured, tor example, by expo- 
sure to air at about 90*C tor a period of time such as 16 
hours. A curing step may be implemented both after 
i application of the undercoat or a certain number of 
jower layers and the top layers or a single curing step 
used after coatingis completed. 
[0033] The coated stents may thereafter be subjected 
to a posteure process which includes an inert gas 
F plasma treatment and steriSzation which may retude 
gamma rotation, €TO treatment electron beam or 

steam treatment . . . 

[0034] to the plasma treatmer*unconstra»^ 
stents art placed in a reactor chamber and the system 
7 is purged with nitrogen and a vacuum appiedto20-50 
mTorr. Thereafter, inert gas (argon, helium or mixture of 
them) is admitted to the reaction chamber for the 
plasma treatment One method uses argon (Ar) gas, 
operating at a power range from 200 to 400 watts, allow 
55 rated 150-650 standardml per ninute. which te equw- 
aient to about 1 00 - 450 mTorr. and an exposure time 
from 30 seconds to about 5 minutes. The stents can be 
removed immedfctery after the plasma treatment or 
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remain in the argon atmosphere tor an addrbona) period 
of time, typically five minutes. 
[0035] In accordance with the invention, the topcoat or 
surface coating may be applied in any of several ways to 
further control thrombolytic effects and optionally, con- s 
trol the release profBe especially the initial very high 
release rate associated with the etution of heparin. 
[0038] In one embodiment, an outer layer of fluorosil- 
icone (FSi) is applied to the undercoat as a topcoat The 
outer layer can also contain heparin. In another embed- >o 
iment polyethylene glycol (PEG) is trnmobifized on the 
surface of the coating. In this process, the underiayer is 
subjected to inert gas plasma treatment and immedi- 
ately thereafter is treated by ammonia (NH3) plasma to 
aminate the surface. Amination. as used in this appfica- is 
bon, means creating mostly imino groups and other 
nitro containing species on the surface. This is followed 
by immediate immersion into electrophtficaOy activated 
polyethylene glycol(PEG) solution with a reductive 
agent, i.e.. sodium cyanoborohydride. 20 
[0037] To form a topcoat which isjajbstantiaDy free of 
pores, porosigens or materials capable of eluttng from 
the topcoat during implartation. shouJd not be included 
in the composition used to form the topcoat For exam- 
ple, a substantially non-porous topcoat can be pro- 2s 
duced from a topcoat composition which comprises a 
substantially pure polymeric material. The material pref- 
erably provides biocompatftjffity to the implanted device 
during and after release of the bfotogjeafly active mate- 
rial JO 
[0038] To prepare a topcoat which covers less than 
the entire surface of the undercoat a number of meth- 
ods can be used. For instance, by controlling the thick- 
ness of the topcoat so that rt has an average thickness 
less than that of the diameter of certain drug pa/tides, » 
the undercoat wffl be only partly covered by the topcoat 
since some of drug particles wil not be covered by the 
topcoat 

[0039] Also, a partial topcoat can be formed by using 
a topcoat polymer which is incompatible with the under- 40 
coat polymer to generate a microphase separation in 
the topcoat Furthermore, to make a topcoat which cov- 
ers less than the entire surface of the undercoat or 
which only partially covers the undercoat a poor solvent 
wash can be applied to the topcoat, to force the topcoat 45 
polymer to shrink so that the undercoat is not entirely 
covered. 

[0040] In other embodiments the topcoat can partially 
or fufly cover the undercoat prior to defivery or implanta- 
tion of the device. The topcoat materials can be 
selected so they have certain water permeability. When 
water penetrates the topcoat and into the drug particles 
of the undercoat the water will sweti the partides or dis- 
solve the partides. In either situation, it creates osmotic 
pressure in the surrounding coating material of the 
undercoat The pressure then breaks the thinnest part 
of the topcoat and leave the void space in the topcoat 
for the drug to eluteout 



[0041] In another embodiment, the topcoat material 
has a cfifferent Young's modulus (either while it is wet or 
dry) than that of the undercoat material. More specif i- 
caity, the Vbungs modulus can be higher tor the topcoat 
material. During the mounting of the coated devices 
onto the delivery device or during deployment of the 
coated device, the coating undergoes compression or 
stretching. Topcoat materials with higher Young's modu- 
lus tend to crack and form void spaces for the drug to 
etute from undercoat 

[0042] Another way to form a topcoat is to cover the 
undercoat with a bioabsorbabie material. In this embod- 
iment the topcoat can cover either the entire undercoat 
or onfy part of the undercoat before or after implanta- 
tion. Upon contact with body fluids, the bioabsorbabie 
material of the topcoat will degrade. The rate of degra- 
dation depends upon the bioabsorbabie material used. 
When the topcoat is partially absorbed, the undercoat is 
exposed to the body fluid and the drug is released, how- 
ever the burst effect wffl be reduced. 
[0043] The coated and cured stents having the mocfi- 
fied outer layer or surface optionally are subjected to a 
final gamma radiation sterilization nominaJy at £5-3.5 
Mrad. Argon (Ar) plasma treated stents enjoy full resil- 
iency after racfatfon whether exposed in a constrained 
or non-constrained status, while constrained stents sub- 
jected to gamma sterilization without Ar plasma pre- 
treatment lose resiliency and do not recover at a 
suffident or appropriate rate where the undercoat is sil- 
icone. 

[0044] The elastomeric materials that form the stent 
coating underiayers should possess certain properties. 
Preferably the layers should be of suitable rtydraphebic 
bfostable elastomeric materials which do not degrade. 
Surface layer or topcoat materials shouJd miriimize tis- 
sue rejection and tissue inflammation and permit 
encapsulation by tissue adjacent the stent implantation 
site. Exposed material is designed to reduce clotting 
tendenbes in blood contacted and the surface is prefer- 
ably modified accord in gly, Thus, underiayers of the 
above materials are preferably provided with a sOteone 
or a fkjorosaicone outer coating layer which should not 
contain imbedded bioactive material, such as heparin in 
order to avoid the formation of pores in the topcoat 
Alternatively, the outer coating may consist essentialy 
of polyethylene glycol (PEG), polysaccharides, phos- 
pholipids, or cornbinations of the foregoing. 
[0045] Polymers generaOy suitable tor the undercoats 
or underiayers indude silicones (e.g.. poiysitaxanes and 
so substituted pofystloxanes). polyurethanes, thermoplas- 
tic elastomers in general, ethylene vinyl acetate copoly- 
mers, porydehn elastomers, potyamide elastomers, and 
EPOM rubbers. The above-referenced materials are 
considered hyd r ophobic with respect to the contem- 
55 plated environment of the invention. Surface layer or 
topcoat materials can indude the same polymer as that 
of me undercoat Examples of suitable polymers indude 
without limitation fluorosOcones and rjoryethylene grycoi 
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(PEG), polysaccharides, pi iu^jI and corrtoina- 

toons of the foregoing. 

[00461 WhUe heparin is preferred as thaincorporatBO 
a*Wmaterial. agents posstory suitable tor sta- 
tion include artfthrotoote. anticc^gUajr^ antoo» 
antiplatelet agents. IhKWboryfcs. ant^oiteralives. 
ZSdTand I nonstertAW arrtiMlamrnalories, agents 
that inhibit hyperplasia and in particular restenos* 
Z** rrJTcel 

SrrtMors. eel adhesion W*^*"**^ 
prr^ersartodrugsthatrnay^to^to^^ 

^tty neoWmal tissue, inchring 
regener^ The positive adion 

different ceB migration (aA. endothebum) end tissue 

formation (neointimai tissue). , . . . 

JSJ Sutade materials tor 
^ten, indude stainless steel, tantalum. «arMnaloy» 
inducing nitinol (a nickel .^^.'T^^o 
any material), end carta* cobalt ataysjnchxSng 
e^«hromiurrw**el afloys such as S£* end 
^nox 9 . Further details concerning the tebneabon and 
SXteof Mother aspects ol the stents toemsekres. may 
oToTeaned frornlTabov. referenced U& Mrt> * 
4.6^.771 and 4.954.126 to V^en and ^06r^to 
Walsten fiLaL "hich are incorporated by reference 

Various corrtotoafcrtsolpdyrnercoalingin^ 

rials can be coordinated with Nologicaly aebve tspeaes i 

o, interest to produce desired «^ J^***™ 
s^tobeirT^edinawcrdanwwrtothajnvw^ 

Loadings of therapeutic materials may vary. The mecrv 

anism of incuiMoration ol toe btotogkalty ac>iv * 

Wo the surface coating, and egress rnedianwn . 

depend both on the nature of the surface coatng poty- 

mer and the material to be incorporated. Themecha- 

„to„ of release also depends on the , modej J 

incorporation. The material may etote via mterpertde 

paths or be administered via transport or dffluswi 

through the encapsulating material rtsett. 

[0049] Forthepurpos«olthisspecr«bo* etotjen 

is defined as any process ol r*easa i that ™*res 

extraction or release by direct contact* 

wrth bodily fluids through the irtef P^***j^ 

nected with the exterior ol the coaling. 

•drfkjsion' are defined to include a mecherssm or 

release in which the material released traverses 

through another material. . . ..^ 

,0050] The desired release ratoprcfle can be taiored 

oy varying the coating thWetess. the radial 

(layer to layer) of bioactive rnatena* 

method, the amount of bioaceve 7^-*?^J™ 

ton of different matrix pdymer ™<^* * {Sfl *^ 

ers ,a«lthe<^ir*der 1 srtyoftoeporynwKn«^ 

The cross** densty Is related to £ """"V* 
erossSnking which takes place end also the reiatwe 
tightness of the matrix created by the partcuta/ 



aosslinking agent used. Th* rtorfeg tN .curing ^proc- 
ass, detemrines toe amount of "^""""l"?" 
aossnnk density of the P«>^*^^^S^ 
materials refeased fn*nfJ*aoMir*Bd 
heparin, a denMr «^ " a 

rnosi] I wii also be appreciated that an unmedfcatftd 
SnetNn lop layer ^ 

BRIEF DESCRIPTION OF THE DRAWINGS 

(0052) In me drw-fcx^ therein to 
nate fee parts throughout the same: 

FIGURE 1 "* a schernetic flew cfcagram iustrating 
toe steps of the process of tie invention; 
FIGURE 2 represents a release profie for amuBh 
layer system srw*ing the peit»ntac^ of het»nn 
released over a 

FIGURE 3 represents a release profee far a irut- 
layer system shoeing the relative release rata of 
heparin over a two^week period, 
^♦■u^aprcaeofrtr^ 

dMerent drug toarSng. a. ^"*Z?£* m 
nasses lusfcating the retoase * rwpartn overa 
period without assooated 

tor* 

FIGURE 5 iustrates drug etotton kinetics at a given 

loadtogotrrapartooveratwo-week^ 

ant coating tJtieknessaa without af»oc^rneans 

to provide a tang term rwrrthrombogente surface 

, JS^auslrates^ 

undercoat and topcoat material varied _"««?"0* 
thickness in which the percentage heparw n me 
undercoat end topcoats are kept 
FIGURE 7 is a plot of heparin release ktoetojn 

o phosphate buffer system at pH 7.4 w»endw<hout 
ftuorcsiiconefFSOtopcoetend 
FIGURE 8 is another ptot .ol hepann release tanet- 
ics in phosphate buffer system in which a topcoet 
eortaiS^r.ifcon. (FSI) on* is oorr^d 

a with an FS topcoat containing 16.7% mtoedded 

FIGURE 9 lustrates a surface of an implartiMe 
prosthesis covered with an undercoat 
Sotogfcaly «*» M > * P u ** commi 
so by a topcoat 



DETAILED DESCRIPTION 



[0053] According to toe present 
» o^ineoporrir, biology 

tto^^in^habodytomrtoonr^ 

preferably sprayed in many thai layers ^J**"* 
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ess are illustrated generally in FIGURE 1. The coating 
solutions or suspensions are prepared at 10 as will be 
described later. The desired amount of crossfinktng 
agent (if any) is added to the suspension/solution as at 
12 and material is then agitated or stirred to produce a 5 
homogenous coating composition at 14 which is there- 
after transferred to an application container or device 
which may be a container for spray painting at 16. Typi- 
cal exemplary preparations of coating solutions that 
were used for heparin and dexamethasone appear next w 



General Preparation of He parin Undercoattno Com* 



[0054] Safoone was obtained as a polymer precursor is 
in solvent (xylene) mixture For example, a 35% sofid sfl- 
icone weight content in xylene was procured from 
Applied Sificone, Part #40.000. Frst the sfficone- 
xylene mixture was weighed. The solid sflicone content 
was determined acconfing to the vendor's analysis. Pre- so 
calculated amounts of finely divided heparin (2-6 
microns) were added into the silicone, then tetrahydro- 
furan (THF) HPCL grade (AWrich or EM) was added. 
For a 37.5% heparin coating, having 35% softs, 
con. - 5 g and Wj^p- 5x0.35x^75^0.625)- 1.05 g 25 
were used. The amount of THF needed (44 mf) in the 
coating solution was calculated by using the equation 
W»»e» •ofitATMF - 0.04 tor a 37.5% heparin coating 
solution. Finally, the manufacturer crosslinker solution 
was added by using Pasteur P-pipet The amount of so 
crossfinker added was formed to effect the release rate 
proffle. Typicafly. five drops of crossfinker solution were 
added tor each five grams of silicone-xylene mixture 
The solution was stirred by using the stirring rod untfl 
the suspension was homogenous and mflMfca The ss 
coating solution was then transferred into a paint jar in 
condition for application by air brush. 

General Preparation of Dexarnethasnntt UmjajfiQej; 
Iflg Coroposftfa n 

[0055] Saicone (35% solution as above) was weighed 
into a beaker on a Metier balance. The weight of dexam- 
ethasone free aicohol or acetale form was calculated by 
sflicone weight muttipfied by 0.35 and the desired per- 45 
centage of dexamethasone (1 to 40%) and the required 
amount was then weighed. Example: W^j,^ - 5 g; for 
a 10% dexamethasone coating. » 5 x 0.35 x 
0.1/0.9 - 0.194 g and THF needed to the coating sofu- 

w «*ccm wfid^THF -0.06 tor a 10% dexameth- so 
asone coating solution. Example: . 5 g; . 

5 x 0.35rD.06 • 29 ml. The dexamethasone was 
weighed in a beaker on an analytical balance and half 
the total amount of THF was added. The solution was 
stirred wel to ensure fufi dissolution of the dexametha- 55 
sone. The stirred DEX-THF solution was then trans- 
ferred to the sflicone container. The beaker was washed 
with the remaining THF and this was transferred to the 



sificone container. The crosslinker was added by using 
a Pasteur pipe! Typical* five drops of crossfinker were 
used for frv© grams of silicone. 
10056] The application of the coating material to the 
stent was Quite stmfer for al of the materials and the 
same tor the heparin and dexamethasone suspensions 
prepared as in the above Examples. The suspension to 
be applied was transferred to an application device, at 
1 6 in FIGURE 1 . Typically a paint jar attached to an air 
brush, such as a Badger Model 150, supplied with a 
source of pressurized air through a regulator (Norgren, 
0-160 psQ was used. Once the brush hose was 
attached to the source of compressed air downstream 
of the regulator, the air was appfied. The pressure was 
adjusted to approximately 15-25 psi and the nozzle con- 
dition checked by depressing the trigger. 
[0057] To secure the stent tor spraying arrf rotating fix- 
tures were utilized suc c essfully in the laboratory. Both 
ends of the relaxed stent were fastened to the fixture by 
two resifient retainers, commonly alligator clips, with the 
distance between the clips adjusted so that the stent 
remained in a relaxed, unstretched condtton. The rotor 
was then energized and the spin speed adjusted to the 
desired coating speed, nominally about 40 rpm. 
[0058] With the stent rotating in a substantially hori- 
zontal plane, the spray nozzle was adjusted so that the 
distance from the nozzle to the stent was about 2-4 
inches and the composition was sprayed substanaafly 
horizontafly with the brush being directed atong the 
stent from the distal end of the stent to the prcorimaJ end 
and then from the proximal end to the dfetai end to a 
sweeping motion at a speed such that one spray cycle 
occurred in about three stent rotations. Typically a 
pause of less than one minute, normaly about one-half 
minute, elapsed between layers. Of course, the number 
of coating layers did and w3 vary with the particular 
application. For example, typical tie-layers as at 18 in 
FIGURE 1, for a coating level of 3-4 mg of heparin per 
cm 2 of projected area. 20 cycles of coating application 
are required and about 30 ml of solution wfl be con- 
sumed tor a 3.5 mm olameter by 14.5 cm long stent 
[0059] The rotation speed of the motor, of course, can 
be acfusted as can the viscosity of the composition and 
the ftow rate of the spray nozzle as desired to modify the 
layered structure. Generally, with the above rrixes, the 
best results have been obtained at rotational speeds to 
the range of 30-50 rpm and with a spray nozzle fiow rate 
in the range of 4-10 ml of coating composition per 
minute, depending on the stent size. It is contemplated 
that a more sophisticated, computer-controlled coating 
apparatus wffl successfully automate the process dem- 
onstrated as feasWe in the laboratory. 
[0060] Several appfied layers make up what is called 
the undercoat as at 1 8. In one process, adoHtonal upper 
undercoat layers, which may be of the same or rJfferent 
composition with respect to bioactrve material, the 
matrix, polymeric materials and aossfinking agent for 
example, may be applied as the top layer as at 20. The 
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appScattonol the top layer fellows the sam«coafing pro- 
cedure as the undercoat with the nurrtier and thickness 
at layers being optional, d course, the thickness a* any 
layer can be adjusted by adjusting the speed ol rotation 
ofthe stent and the paying condWons. Genersly. the 5 
total coating thickness is cor*o«ed 
spraying cycles of thin coats when mate 1* the total 
coa l 

(00611 As shown at 22 in FIGURE 1, the coated slant 
is thereafter subjected to a curing step in ^ 10 
polymer and crossSnMng agents 
awred polymer matrix corrtaWr^thebtdogKaliyactya 
species. Tne curing process invokes evaporation olttw 
solvent xylene. THF, etc. and the coring and cross**- 

cured at relatively tow temperatures, (Lfi- RT-5CTC) m 
what is Known as a room temperature vuteanaation 
(KTV) process. More typically, however, the o^QP^ 
ess involves higher temperature curing ™te*sjrd 
the coated stents are put into an oven at appropriately 20 
90*C or higher tor approximately 16 hours. The 
ature may be raised to as high as 15CTC for c * exam *j^ 
asone containing coated stents, a course, the time and 
temperature may vary with particular stones, 
croesenkersandbiotog^ 25 
[0062] Stents coated and cured in the manner 
described need to be sterilized prior to packaging for 
future irrxxantattoa Fa sterizatfon. gamma radiation is 
a preferred method particularly tor heparin 
coatings; r«>wever.rtrtas been tour^ *> 
and aired according to the pro^ 
iected to gamma sterifeatfon may be too stow to recover 
their original posture when delivered to a vascular or 
other lumen site using a catheter unless a pretreatment 
step as at 24 ts first applied to the coated, cured stent * 
[0063] The pretreatment step involves an argon 
plasma treatment of the coated, cured stents in the 
unconstrained configuration. In accordance witi this 
procedure, the stents are placed in a chamber of a 
plasma surface treatment system such as a Pta»T« 40 
Science 350 (Heriont/Plasma Science. Foster City. CA). 
The system is equipped with a reactor c ^ anr * >er ^ n ^^ 
solid-state generator operating at 13.56 mHz and from 
0-500 watts power output and being equipped with a 
rricropnxessor controfed system and a complete vac- 45 
uum pump package. The reaction chairt>er contains an 
unimpeded work volume of 16.75 inches (42.55 cm) by 
13.5 inches (34.3 cm) by 17.5 inches (44.45 cm) in 

depth. . 
[0064] In the plasma process, unconstrained coated so 
stents are placed in a reactor chamber and the system 
is purged with ritrogen and a vacuum applied to 20-50 
mTorr. Thereafter, inert gas (argon, helum or mixture 
them) is admitted to the reaction chamber for the 
plasma treatnient A 55 
tion consists of using argon gas. °P«^* B P^ 
range from 200 to 400 watts, a flow rate of 150-650 
standard ml per minute, which is eoAivalent to ld0 • 450 



mTorr. and an exposure time from 30 seconds to about 
5 minutes. The stents can be removed immedaterya^ 
the plasma treatment or remain in the argon atmos- 
phere lor an addftx^ peri* ^ 



[00651 After this, as shown at 26. the ^^^J* 
exposed to gamma sterilization at 2^3.5 Mrad The 
notation may be carried out with the stent m either tie 
raoiaiy unconstrained status or in tie ractialy con- 
strained status. wr ^ St ^A 

[0066] Preferably, however, the surface * modtied 
prior to plasma tr eatment or just prior to * arfcatl ™ °* 
one d several addrtkxwl o 

some are descrfeed in relation to the foSowing exam- 
ples. 

Example 1. FUiorosilicone surface treatment of eM- 
ing heparin coating. 

[0067] The undercoat of a stent was coated as rriil- 
ple applied layers as descrfeed above thereafter and 
axed as described at 22. The heparin content of the 
undercoat was 37.5% and the coating thickness was 
about 30-40)1. Ruorosilcone (FSi) spray solution was 
prepared at 30 from a fluoros»cone suspension 
(Appfied Sacone #40032) by weighing an amount of 
f kjorositicone suspension and actfng tetrarty*ofuran 
(THF) according to the relation equation of Vxmf" * 
the weight of fluorosiScone ^^^^ 
was stirred very wef and spray-coated on the stent at 32 
usir«jthetecrink*jecf^ 

process at 1 8 and the coated stents were cured atWC 
tor 16 hours. The coated stents are «^P^"« 
treated prior to gamma ^izati«ia^ 
procedures oesenbed above in accordance w<h steps 

^68] FIGURE 7 is a plot of rieparin release Statics 
in phexsphate buffer system witii fluorosttcone topcoat 
and without any topcoat The thickness of me topcoat « 
about 10-15A. Whie it does not appee/ cxi trie graph of 
FIGURE 7. it should be noted that tie release ratetor 
the coating without FSi is iriitialy about 25 tirne^ 
tr»ntrwrtwithfSUe..durii*^ 
course, dearry off the scale of the graph. It m notewor- 
thy. r«wever. trurt the coating wrth the ^ top layer or 
diffusion barrier does show a depressed «lrt release 
rate corrtoined with an enhanced *^™ te _f**™ 
first day and through the first week up unta at)oU the 
tenths in additions 
virtues the Nc^riectror^ 
tains noHrirornbogenic surface quafities ctonng and 
after the elusion of the biologicaty actrve rtepann spe- 
eds. In actftion, because of the negative charges off 
the nepers, tee*, the electronegatrvity of the ftoorosi- 
cone topcoat may be, at least in part. responsWetorthe 
mocflied heparni release kinetic protte, 
[0069] FIGURE 8 compares a rjkit erf rluorosilcone 
(FSi) top coating containing 16.7% imbedded hepann 
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with one containing fluorosificone (FSi) only. An under- 
coating is identical to that utHized in FIGURE 7 contain- 
ing about 37.5% heparin to a thickness of about 30-40 
microns. These eJution kinetics are quite cornparabJe 
with the heparin-free FSi top layer greatly reducing the 5 
initial burst of heparin release and otherwise the 
heparin in the FSi top layer imparts a slightly greater 
release over the period of the test 

Example 2. Immobilization of polyethylene glycol io 
(PEG) on drug eluting undercoat 

[0070] An undercoat was coated on a stent and cured 
at 22 as in Example 1. The stent was then treated by 
argon gas plasma as at 24 and ammonium gas plasma 15 
at 40: The equipment and the process of argon gas 
plasma treatment was as has been described above. 
The ammonium plasma treatment was implemented 
immediately after the argon gas plasma treatment to 
aminate the surface of the coating. The ammonium flow so 
rate was in the range of 100-700 cubic centimeter per 
minute (ccM) in preferably in the range of 500-600 ccM. 
The power output of radio frequency plasma was in the 
range of 50*500 watts, preferably in -200 watts. The 
process time was in the range of 30sec-10min, prefera- ss 
bJy-5min. 

[0071] Immediately after aminatioa the stents were 
immersed into dectrophffically activated polyethylene 
glycol (PEG) solution it 42. PEG is known to be an inhto- 
itor of protein absorption. Examples of eJectrophScafiy so 
activated PEG are PEG nitrophenyf carbonates, PEG 
trichtorophenyl carbonates, PEG tresylate, PEG gJyddyf 
ether, PEG isocyanate, etc, optionally with one end ter- 
minated with methoxyi group. Molecular weight of PEG 
ranged from about 1000-6000, and is preferable about 
3000. It has been observed that simple amnrionsum ami- 
nation wffl not generate large quantities of primary and 
secondary amines on the elastomeric polymer surface 
(tor example silicone). Instead, imine (XON-H). and 
other more oxidative nitro containing groups wil domi- «o 
nate the surface. H is generally necessary to add reduc- 
tive agent, such as NaBKjCN into the reaction media so 
that the functional group on PEG can react with imine 
and possMy other nitro-containing species on the sur- 
face, and therefore immobize PEG onto the surface. 45 
The typical concentration of NaBHjCN is about 2mg/ml. 
Since PEG and its derivatives cSssolve in water and 
many polar and aromatic solvents, the solvent used in 
the coating must be a solvent for PEG but not for the 
drug in the undercoat to prevent the possible toss of the so 
drug through leaching. In the case of eluting-heparin 
coating, a mixed solvent of tormamide and methyl ethyl 
ketone (MEK) or a mixed solvent of formamide and ace- 
tone are preferred solvents, (preferably at ratios of 30 
formamide: 70 MEK or acetone by volume), since they 55 
will not dissolve heparin. The concentration of PEG. the 
reaction time, the reaction temperature and the pH 
value depend on the kind of PEG employed. In the case 



of eluting heparin coating, 5% PEG tresylate in (30-70) 
Formamide/MEK was used successfully. The reaction 
time was 3 hours at room temperature. PEG was then 
covaJentry bound to the surface. Gamma radiation was 
then used for sterilization of this ernbocfiment as previ- 
ously described. 

[0072] With respect to toe anticoagulant material 
heparin, the percentage in the undercoat is nominally 
from about 30-50% and that of the topcoat from about 0- 
30% active material The coating thickness ratio of the 
topcoat to the undercoat varies from about 1:10 to 12 
and is preferably in the range of from about 1:6 to 13. 
[0073] Toproducea topcoat which is substantial free 
of pores, materials such as porosigens, which can be 
removed or leached out of the topcoat should not be 
included in the composition used to form the topcoat 
One way of preparing a substarrtialy non-porous top- 
coat is to apply a topcoat composition which comprises 
substantially pure polymeric materials. These materials 
preferably impart fcocorrpatibtfrry to the implanted 
device during and after the release of the biologically 
active material. 

(0074] A topcoat which only partiafy covers the under- 
coat can be formed in a number of ways. Such methods 
include controlling the thickness of the topcoat so that it 
is fess than the cSameter of certain drug particles in the 
undercoat For example, when a drug used in toe under- 
coat has an average particle size of 5 urn, it is possible 
that 15% of the particles wiB be greater than or aqua* to 
8 urn. At the molecular level, the surface ijneyemess is 
at least more than 5 microns. By application of a topcoat 
of about 5 micron or less. The uneven surface wil 
become smooth to a certain degree. But uncovered 
areas wiB stil exist which allows water to penetrate into 
the undercoat, swefing the drug particle, or drssofving 
the drug. Due to the osmotic pressure, the drug wil 
elute out through the uncovered areas. If the osmotic 
pressure is too high, cracks or voids may Jorm in the 
topcoat which allows drugs to elute from the undercoat 
to the body. 

[0075] As Bustrated in FIGURE 9. in a coating 102 
which covers a surface of a prosthesis 101, a tttn top- 
coat 104 of the coating 102 only partially covers the 
undercoat 103 of the coating 102. By having toe topcoat 
1 04 cover less than the entire surface of the undercoat 
103, parts of the undercoat 103. inducing a number of 
drug particles 105, are exposed to body fluids at the 
irrpiantation site so that the drug 105 can be released. 
By using a topcoat 104 having a thickness which is 
about the average pa/tide size of the drug 105. certain 
larger sized drug particles 106 wil not be covered by the 
topcoat 104. 

[0076] Other methods to form a partially covered top- 
coat include using a polymer which is incompatible to 
the undercoat elastomer as the biocompatible material 
of the topcoat. Because of the incompatibility between 
the materials, a microphase separation wtf form to the 
topcoat which wil leave the undercoat partialy uncov- 
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ered Persons skilled in the art are aware of suitable 
room Another method irrvotves applying « Pf^ ^ 
yme, to shrink and create uneven J* 

[ST L |n yet another method of ^oal^t 
5 partly oMuBy covers the undercoat topcoatand 
iSSmatanab having different^. Mnodui 
^Tbefore o, after they nave cured) are used. For 
nSan^tcpcoal material havino a higher ^bungs 
'^oor^to^otmeunderc^rnate^can 

^^moWed Whan the coated device rs nwrted on 
£Se£Ue or durino deptoymern o. theo^ed 
H^icfi. the topcoat undergoes compression or streteh- 

toocoat material has a higher \bungs flwt*M 
Kcn^ and form voids in the topcoat to alow the 
drug ot the undercoat to ekie therefrom. 
W079] Anrther method tor tormng the topcoat 
Lorves using a bioresorbable material in the topcoat 
^^th.antir.urto^«c^.^rtrt 

the undercoat When the 

tort with body fluid, the topcoat begms to det^«t»r 
^su^^trroughoutthebiAotthetopcoat^e 
SrddSadato! depends upon the type of b»ab- 

tjaly absorbed, the undercoat * ^* 
and the drug in the undercoat is released, but the burst 
release or effect is reduced. 

S Suppressing *» *°T£ws. 
eduction in the drug toadng or m ottw ^f*"" 
reduction in the coating thickness. »~*ephys«an 
wJg^.toteir^olantto^^ 
drugs to the patient during the stentng Process- ** a 
3. the drug imbedded in the stent can be tuSy used 
wHhout waste. Talcing the fret day <^^™Z 
rrizing second day and third day release at tie thmnest 
ZS. coaling corslguation *• reduce the acute or 
Sbawte thrombosis particularly if drugs such as 

heparin are incorporated .wtan^dmo 

room FIGURE 4 depicts the general effect of drug 

«on rate increases wih tie drug toerJng as Mta 
FIGURE 5. The release rate also ™\™ 
tJWtness of the coating at the « n » to « Sn 0^ M **" 
be .nversely proportional to the thickness ^e topcoat 
as shown by the same drug loading and smBar under- 
coat thickness in FIGURE 6. 
[00821 What is apparent from the data gainer ea to 
date, however, is lhat tie process of He 
Z enab.es the drug etoton 
a manner desired to meet the needs of the partoiar 

ste^P^«^ 

b^epared using a contornatton of two 

reteas. ser^ence and 
exarrple.arrtiproMerat™ 



undercoat and antjplatslat dmgsin ^P"^*? 
manner. the J* *^J^^ 

ejute fret foftowed by antproHerahon drugs to better 
eniale^ate encapsuWion of the implanted stent 

s [0083] ^ he ^ eoncert ^ m ^!^ 
made ufjfcing a standard curve 
azure A dye with dWejoWcn. *J^J^" 
stendards were used to compie fhe standard curve « ■ 
well-known manner. 
,o [0084] for fJieefutton test fhe stents were immersed 
hTohosphata buffer soajfioh at pH 7.4 in an «atartor 
£apprS»*.,37-C. P-io* sample! <9m** 

aluted. After each samping. each stent was placed si 

L etastomeric material with heparin may 
case of seTcone materials, heparin 
the total weight of tie layer. However, the toadng gener- 
20 aly most advantageously used is in the <W*om 

eesedde«ntoth^t»loe*^^«^ 
50% or more of fhe total waight of the itayer but * pref- 
erably in the ranr^crf about 0.4% to 43%. 

x p£ «w« be appreciated t^medww»«J 
85 LrpU*o.thebWogi«.^^ 

■^biorJegnafabto^ 
the btotogicaty active seeds*- The 
enables long-term delivery and MmMhm 
as wr*tnehtoependsntmer*arw^« 

ol the stent itseB. . _ . r-Hi _. 

roo871 Coaling materials are des«nedwift a perliah 

S^lirStecWq«. coating^ «n^ «* 
orug infusion mechanism in mtod. Consale^olttto 

Waty active species in the coating alow Mttdnv* 
fioToduce superior results. In tt* manner, detveryof 

can be tailored to accommodate e variety of appeca- 



45 [0088] Whereas tie abr*e esanpies dspfctco^ 
having two different drug loadtogs » P"*"**"* 
biologjcaly eclive matetial to be released. «^«*no 

» terrplMedthsteny number ol layers 
oMoading. can be empfoyed 
nrteas. prdle. For .rsmpto. gradual £**J* 
change in the toadng ol ^»«" «" "JJ "J 
for example, higtier toadtogs ere used « tie 

« ^'laXs^o layers «»i r^ used which frave no 

alternate layers oontaWng heparin are sandwiched 
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between unloaded layers of silicone or other materials 
for a portion of the coating. In other words, the invention 
allows untold numbers of ccmbinattons which result in a 
great deal of flexibility with respect to controlling the 
release of biotogicalty active materials with regard to an 5 
implanted stent Each applied layer is typically from 
approximately 0.5 microns to 15 microns in thickness. 
The total number of sprayed layers, of course, can vary 
widely, from less than 10 to more than 50 layers; com- 
monly, 20 to 40 layers are included The total thickness to 
of the coating can also vary widely, but can generally be, 
from about 10 to 200 microns. 
[0089] Whereas the polymer of the coating may be 
any compatible biostabf e elastomer ic material capable 
of being adhered to the stent material as a thin layer, 15 
hyoVophobtc materials are preferred because it has 
been found that the release of the biologically active 
species can generally.be more predictably controlled 
with such materials. Preferred materials include silicone 
rubber elastomers and btostabie pofyurethanes specif*- 20 
cafly. 

[0090] This invention has been described herein in 
considerable detai in order to comply with the Patent 
Statutes and to provide those skilled in the art with the 
information needed to apply the novel principles and to 2s 
construct and use embodiments of the example as 
required. However, it is to be understood that the inven- 
tion can be carried out by spedficaly different devices 
and that various modifications can be accornplished 
without departing from the scope of the invention rtsetf. 30 

Claims 

1. A medical device having at least a portion which is 
implantable into the body of a patient, wherein at as 
least a part of the device portion is covered with a 
coaling 102 for release of at least one biologically 
active material 105, wherein said coating 102 com- 
prises an undercoat 103 having an outer surface 
and comprising a polymeric material incorporating 40 
an amount of bfofogicaDy active material 105 
therein for timed release therefrom, and wherein 
said coating 102 further comprises a topcoat 104 
which covers less than the entire outer surface of 
the undercoat 103. said topcoat 104 cornprising a <s 
polymeric material substantially free of pores and 



covers less than the entire undercoat 103 while the 
device is implanted. 

4. The device of daim 1 or 2 wherein the topcoat 104 
covers less than the entire undercoat 103 before 
the device is implanted. 

5. The device of claim 1 or 2 wherein the topcoat 104 
covers less than the entire undercoat 103 before 
the device is implanted and whSe the device is 
implanted. 

6. The device of daim 1 or 2 wherein the polymeric 
material of the u nderco at 103 is a hyoVophobfo 
elastomer* material and wherein the polymeric 
material of the topcoat 104 is a bfostable, biocom- 
patible material which provides long term non- 
thrombogericity to the device portion during and 
after release of the bfofogfoaJy active material 105. 

7. The device of claim 1 or 2 wherein the topcoat 104 
reduces a burst release of the bidogpcafly active 
material 1 05 as compared to a coated device with- 
out the topcoat 104. 

8. The device of daim 1 or 2 wherein the biologically 
active material 105 is heparin 

9. The device of daim 1 wherein the polymeric mate- 
rial of the topcoat 104 is selected from the group 
consisting of fluorosflicone. polyethylene glycol 
(PEG), porysaccharides. ptiospfiotipids and combi- 
nations thereof. 

10. The device of daim 9 wherein the pdymeric mate- 
rial is flucrosiicone. 

11. The device of daim 9 wherein the polymeric mate- 
rial is polyethylene glycol (PEG). 

12. The device of daim 1 or 2 wherein the topcoat 104 
covers from about 5% to 95% of the surface of the 
undercoat 103. 

13. The device of daim 12 wherein the topcoat 104 
covers from about 20% to 85% of the surface of the 
undercoat 103. 



2. The device of claim 1 wherein the device is a stent 

tor implantation in a vascular lumen comprising a so 
tubular body having open ends and a sidewafl. 
wherein the coating 102 covers at least a part of a 
surface of said sidewal, and wherein the polymeric 
material of the topcoat 104 is selected from the 
group consisting of fluorosificone and poryethytene 55 
glycol (PEG). 

3. The device of daim 1 or 2 wherein the topcoat 104 



14. The device of daim 1 or 2 wherein the topcoat 104 
has an average thickness of about 1 to 7 microns. 

15. The device of daim 14 wherein the topcoat 104 has 
an average thickness of about 1 to 5 microns, 

16. The device of claim 1 or 2 wherein the topcoat 104 
has an average thickness of about the average par- 
ticle size of the biototfcalry actrve material 105. 
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17. The derice <* claim 1 or 2 wherein the device is an 
expandable stent 

18. The device of claim 1 or 2 wherein the polymeric 
materials of the topcoat 104 and the undercoat103 
are water permeable. 

The stent of daim2whereintte 
able and the sidewal comprises at least one open- 
ing therein and wherein the coating 102 conforms 
to said sidewall in a manner that preserves said 
opening. 

20. A method of coating an implantable 

sis having at least a portion which is nplantable 
into the body of a patient wherein at teast a part of 
the stent portion is covered with a coating 102 tor 
release of at least one biotogfcaly active material 
' 105; the method comprising: 

(a) applying an undercoat 103 comprising a 
polymeric material and the biologically active 
material 105 to the stent portion; and 

(b) applying a topcoat 104 over the surface of 
the undercoat 103. said topcoat 104 compris- ; 
ing a polymeric material, substantial free of 
pores and pore-torming materiate. 

21. The method of daim 20 wherein the polymeric 
material of the undercoat 103 is a hydrophobic 
elastorneric material and wherein the pdymenc 
material of the undercoat 103 Is a btostabto. bio- 
compatible material which provides long term non- 
tnrombogenidty to the stent portion during and 
after release of mebfo»ogicaly active matenal 105. 

22. The method of claim 20 wherein Ihe pdymeric 
material of the topcoat 104 is selected from the 
group consisting of fluorosflicone. polyethylene gly- 
col (PEG), polysaccharides, prxspholpids and 
corrtoinationstlweot 

23. The method of claim 20 wherein the topcoat 1 I04 
covers from about 5% to 95% of the surface of the 
undercoat 103. 

24.,The method of daim 23 wherein the topcoat 104 
covers from about 20% to 85% of the surface of the 
undercoat 103. 

25. The method of daim 20 wherein the topcoat 104 
has an average thickness of about the average par- 
ticle size of the biotogicaly active material 105. 

26. The method of daim 20 wherein the topcoat 1 04 
has an average thickness of about 1 to 7 rwaons. 

27. The method of claim 26 wherein the topcoat 1 04 



has an average thickness of aboU 1 to 5 rricmns. 

2a The method of daim 20 wherein the pcfyrnerjc 
material of the topcoat 104 is a polymer which « 
incompatible wHh the polymeric material of the 
undercoat 103 such that a topcoat 104 covering 
less than the entire surface of the undercoat 103 is 



is 



to 29.Tr*n^o<(±um20wh^ 

applying a poor sok/ent to the topcoat 104 to shrink 
the polymeric material to farm a topcoat 104 which 
covers less than the entire surface of the undercoat 
103. 

3a The methodof daim 20 wherein the >lbuntfsmoduh 
lusoftheporyniericfTiateri^ 
and the Vbung/s modulus of the polymeric material 
of the topcoat 104 are different 

31. The methodof daim 30 wherein the Young's rnoAi- 
tus of the polymeric material of the topcoat 104 * 
greater than the Young's modutos of tie pdymenc 
material of the undercoat 103. 

32. A method of using an inplantable stent prosthesis 
comprising: 

(a) providing an implantable stent prosthesis 
having at least a portion which is wnptantaWe 
into the body of a patient wherein at least a 
part of the device portion is covered with a 
coating 102 tor release of at least one biotogi- 
caly active material 105, wherein said coating 
102 comprises an undercoat 103 having an 
outer surface and co mpri si ng a polymeric 
material incorporating an amount of bidogi- 
caty active material 105 therein tor timed 
release therefrom, and wherein said coating 
102 further comprises a topcoat 104 which 
covers less than the entire outer surface of tm 
undercoat 103 said topcoat 104 comprising a 
polymeric material substantia* free of pores 
aixJporosigens; 
r (b) implanting the device into the body of a 

patient and 

(c) alowing the bidookaly active matenal ius 
to be released such that the topcoat 104 emits 
the burst release of the biological active 
o material 105. 

33. The method of daim 32 wherein the topcoat 104 
remains on the undercoat 103 after release of the 
biotogicaly active material 105. 

34. The rnetiod of daim 32 wherein the Jopcoat 104 
covers less than the entire undercut 103 whie the 
c^vice is implanted. 
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35. The method of claim 32 wherein the topcoat 104 
covers less than the entire undercoat 103 before 
the device is implanted. 

36. The method of claim 32 wherein the topcoat 104 5 
covers less than the entire undercoat 103 before 
the device is implanted and while the device is 
implanted. 

37. The method of daim 32 wherein the polymeric w 
material of the undercoat 103 is a hy dr ophobic 
elastomeric material and wherein the polymeric 
material of the topcoat 104 is a biostabie, biocom- 
patible material which provides long term non- 
thrombogenirity to the stent portion during and is 
after release of the biologically active material 105. 

3a The method of daim 32 wherein the polymeric 
material of the topcoat 104 is selected from the 
group consisting of fiuorosfficone, polyethylene gly- 20 
col (PEG), polysaccharides, phospholipids and 
combinations thereof. 

39. The method of daim 32 wherein the topcoat 104 
covers from about 5% to 95% of the surface of the 25 
undercoat 103. 

40. The method of daim 32 wherein the topcoat 104 
has an average thickness of about the average par- 
tide size of the biologically active material 105. 30 

41. The method of claim 32 wherein the topcoat 104 
has an average thickness of about 1 to 7 microns. 

35 
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Figure 2. Release profile for multilayer system 
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Figure 3. Release profile for multilayer system 
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Figure 4. Release kinetics for different drug 
loading at the similar coating thickness 
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Figure 5. Drug elutlon kinetics at different coating 
thickness (A ~ 10-15um). Drug loading - 41.1% 
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Figure 6. 37.5% Hep In tie-coat with the same 
tie-coat thickness and 16.7% Hep In top-coat 
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Rgure 7. W or w/o fluoroslllcone (FSJ top coat 
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Figure 8. Comparison of fluoroslllcone (FSI) top coat 
w or w/o heparin. The thickness of the tie coat (37.5%) 
heparin is about 40 micron. 
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